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1
REDUCING ENERGY CONSUMPTION IN A
BASESTATION BY SHUTTING OFF
SECONDARY PILOT TRANSMISSION IN
ABSENCE OF MIMO USERS

CLAIM OF PRIORITY

The present application for patent is a Divisional and
claims priority to patent application Ser. No. 12/985,732
entitled “APPARATUS AND METHOD FOR REDUCING
ENERGY CONSUMPTION BY CELLULAR BASE STA-
TIONS” filed Jan. 6, 2011, now allowed, which claims prior-
ity from U.S. Provisional Patent Application Ser. No. 61/294,
047, filed Jan. 11, 2010, for “ENERGY SAVINGS IN
CELLULAR BASE STATIONS,” all of which are incorpo-
rated by reference herein.

TECHNICAL FIELD

The present disclosure relates generally to wireless com-
munication systems. More specifically, the present disclosure
relates to systems and methods for energy savings in cellular
base stations.

BACKGROUND

Wireless communication systems are widely deployed to
provide various types of communication content such as
voice, video, data, and so on. These systems may be multiple-
access systems capable of supporting simultaneous commu-
nication of multiple terminals with one or more base stations.

As precious natural resources are consumed, it has become
beneficial to reduce the power consumption of computing
devices. One such device where power consumption may be
reduced is a base station.

Base stations are always on and always consuming power.
Oftentimes portions of base stations are on when no wireless
communication devices are near the base station or utilizing
the services of the base station. Benefits may be realized by
reducing the energy consumption of base stations.

SUMMARY

A method for reducing energy consumption of a base sta-
tion is described. A first pilot channel is transmitted via a first
antenna using a first downlink power amplifier. A second pilot
channel is transmitted via a second antenna using a second
downlink power amplifier. It is determined that no multiple-
input and multiple-output users are in a cell corresponding to
the base station. The second pilot channel is shut off.

Shutting off the second pilot channel may include shutting
off the second downlink power amplifier. The base station
may be a Node B. The method may be performed by a radio
network controller via instructions sent to the base station.
The first pilot channel and the second pilot channel may be
used for multiple-input and multiple-output transmissions to
a user equipment.

A method for reducing energy consumption of a base sta-
tion is also described. The method includes communicating
with one or more user equipments using n carriers. The
method also includes determining that a load of one or more
ofthe n carriers is below a carrier load threshold. One or more
user equipments are redirected from the one or more carriers
with loads below the carrier load threshold to one or more
other carriers. The one or more carriers with loads below the
carrier load threshold are turned off.
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2

Turning off the one or more carriers with loads below the
carrier load threshold may include turning off physical equip-
ment corresponding to the one or more carriers with loads
below the carrier load threshold. Physical equipment may
include a downlink power amplifier. Physical equipment may
also include at least one of channel cards, digital signal pro-
cessors, field programmable gate arrays, application-specific
integrated circuits, clocks and backhaul interface units on a
baseband unit. The method may include communicating with
the one or more user equipments using the one or more
carriers with loads above the carrier load threshold.

Redirecting the one or more user equipments from the one
or more carriers with loads below the carrier load threshold to
the one or more carriers with loads above the carrier load
threshold may include instructing the one or more user equip-
ments to switch to a different modulation and coding scheme
or to switch to a different frequency.

It may be determined whether a total load of the one or
more carriers with loads above the carrier load threshold is
above a combined carrier load threshold. If the total load of
the one or more carriers with loads above the carrier load
threshold is above the combined load threshold, a previously-
switched-off carrier may be turned on and one or more user
equipments may be redirected from the one or more carriers
with loads above the carrier load threshold to the previously-
turned-off carrier. Turning on the previously-switched-off
carrier may include turning on physical equipment corre-
sponding to the previously-switched-off carrier.

The method may be performed by the base station. The
base station may be a Node B. The method may also be
performed by a radio network controller (RNC) via instruc-
tions sent to the base station.

A method for reducing energy consumption of a base sta-
tion is also described. The method includes communicating
with one or more user equipments using one or more carriers.
It is determined that a load of any of the one or more carriers
is below a carrier load threshold. One or more baseband unit
subunits to disable on the one or more carriers are determined.
The one or more of the baseband unit subunits are disabled.
The method further includes communicating with the one or
more user equipments using the one or more carriers and only
the baseband unit subunits that have not been disabled.

The method may further include determining that a load of
any of the one or more carriers is above the carrier load
threshold. One or more baseband unit subunits that have been
disabled may be re-enabled. The baseband unit subunits may
include channel cards, digital signal processors, field pro-
grammable gate arrays, application-specific integrated cir-
cuits, clocks and backhaul interface units. The base station
may be a Node B. The method may be performed by a radio
network controller (RNC) via instructions sent to the base
station.

A wireless device configured for reducing energy con-
sumption is described. The wireless device includes a proces-
sor, memory in electronic communication with the processor
and instructions stored in the memory. The instructions are
executable by the processor to transmit a first pilot channel
via a first antenna using a first downlink power amplifier. The
instructions are also executable by the processor to transmit a
second pilot channel via a second antenna using a second
downlink power amplifier. The instructions are further
executable by the processor to determine that no multiple-
input and multiple-output users are in a cell corresponding to
the wireless device. The instructions are further executable by
the processor to shut off the second pilot channel.

A wireless device configured for reducing energy con-
sumption is also described. The wireless device includes a
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processor, memory in electronic communication with the
processor and instructions stored in the memory. The instruc-
tions are executable by the processor to communicate with
one or more user equipments using n carriers. The instruc-
tions are also executable by the processor to determine that a
load of one or more of the n carriers is below a carrier load
threshold. The instructions are further executable by the pro-
cessor to redirect one or more user equipments from the one
or more carriers with loads below the carrier load threshold to
one or more other carriers. The instructions are also execut-
able by the processor to turn off the one or more carriers with
loads below the carrier load threshold.

A wireless device configured for reducing energy con-
sumption is further described. The wireless device includes a
processor, memory in electronic communication with the
processor and instructions stored in the memory. The instruc-
tions are executable by the processor to communicate with
one or more user equipments using one or more carriers. The
instructions are also executable by the processor to determine
that a load of any of the one or more carriers is below a carrier
load threshold. The instructions are further executable by the
processor to determine one or more baseband unit subunits to
disable on the one or more carriers. The instructions are also
executable by the processor to disable the one or more base-
band unit subunits. The instructions are further executable by
the processor to communicate with the one or more user
equipments using the one or more carriers and only the base-
band unit subunits that have not been disabled.

A wireless device configured for reducing energy con-
sumption is described. The wireless device includes means
for transmitting a first pilot channel via a first antenna using a
first downlink power amplifier. The wireless device also
includes means for transmitting a second pilot channel via a
second antenna using a second downlink power amplifier.
The wireless device further includes means for determining
that no multiple-input and multiple-output users are in a cell
corresponding to the wireless device. The wireless device
also includes means for shutting off the second pilot channel.

A computer-program product for reducing energy con-
sumption of a base station is described. The computer-pro-
gram product includes a non-transitory computer-readable
medium having instructions thereon. The instructions include
code for causing a base station to transmit a first pilot channel
via a first antenna using a first downlink power amplifier. The
instructions also include code for causing the base station to
transmit a second pilot channel via a second antenna using a
second downlink power amplifier. The instructions further
include code for causing the base station to determine that no
multiple-input and multiple-output users are in a cell corre-
sponding to the base station. The instructions also include
code for causing the base station to shut off the second pilot
channel.

A wireless device configured for reducing energy con-
sumption is also described. The wireless device includes
means for communicating with one or more user equipments
using n carriers. The wireless device also includes means for
determining that a load of one or more of the n carriers is
below a carrier load threshold. The wireless device further
includes means for redirecting one or more user equipments
from the one or more carriers with loads below the carrier load
threshold to one or more other carriers. The wireless device
also includes means for turning off the one or more carriers
with loads below the carrier load threshold.

A wireless device configured for reducing energy con-
sumption is further described. The wireless device includes
means for communicating with one or more user equipments
using one or more carriers. The wireless device also includes
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means for determining that a load of any of the one or more
carriers is below a carrier load threshold. The wireless device
further includes means for determining one or more baseband
unit subunits to disable on the one or more carriers. The
wireless device also includes means for disabling the one or
more baseband unit subunits. The wireless device further
includes means for communicating with the one or more user
equipments using the one or more carriers and only the base-
band unit subunits that have not been disabled.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a wireless communication system with mul-
tiple wireless devices;

FIG. 2 is a block diagram illustrating selected components
of'a wireless communication system;

FIG. 3 is a block diagram illustrating a Node B and a radio
network controller (RNC) interface with a packet network
interface;

FIG. 4 is a block diagram of a Node B for use in the present
systems and methods;

FIG. 5 is a block diagram of a Node B with multiple radio
equipments (RE) that are separated from the radio equipment
control (REC);

FIG. 6 is a flow diagram of a method for reducing power
consumption of a Node B by switching off multiple-input and
multiple-output (MIMO) transmissions;

FIG. 7 is a flow diagram of a method for reducing power
consumption ofa Node B by shutting off one or more carriers;

FIG. 81s a flow diagram of a method for disabling baseband
unit (BBU) subunits to reduce energy consumption on a Node
B;

FIG. 9 is a block diagram of a transmitter structure and/or
process implemented in a Node B;

FIG. 10 illustrates certain components that may be
included within a Node B; and

FIG. 11 illustrates certain components that may be
included within a radio network controller (RNC).

DETAILED DESCRIPTION

The 3" Generation Partnership Project (3GPP) is a col-
laboration between groups of telecommunications associa-
tions that aims to define a globally applicable 3"/ generation
(3G) mobile phone specification. The 3GPP may define
specifications for the next generation of mobile networks,
mobile systems and mobile devices. In 3GPP, amobile station
or device may be referred to as a “user equipment” (UE).

FIG. 1 shows a wireless communication system 100 with
multiple wireless devices. Wireless communication systems
100 are widely deployed to provide various types of commu-
nication content such as voice, data, and so on. A wireless
device may be a Node B 104a-d or a user equipment (UE)
116.

The wireless communication system 100 may include a
radio access network (RAN) 118 operating according to Uni-
versal Mobile Telecommunications System (UMTS). A radio
access network (RAN) 118 may include one or more radio
network subsystems (RNS) 108a-b. Each radio network sub-
system (RNS) 108 may include one or more Node Bs 104 and
one or more radio network controllers (RNCs) 106a-b. A
radio access network (RAN) 118 may also be referred to as a
“radio network” or an “access network.” The radio access
network (RAN) 118 may be a UMTS Terrestrial Radio
Access Network (UTRAN). A UMTS Terrestrial Radio
Access Network (UTRAN) is a collective term for the Node
Bs 104 and the control equipment for the Node Bs 104 (or
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radio network controllers (RNCs) 106a-b) it contains which
make up the UMTS radio access network (RAN) 118. This is
a third generation (3G) communications network which can
carry both real-time circuit-switched and internet protocol
(IP) based packet switched traffic types. The UTRAN pro-
vides an air interface access method for the user equipment
(UE) 116. Connectivity is provided between the user equip-
ment (UE) 116 and a core network 102 by the UTRAN. The
radio access network (RAN) 118 may transport data packets
between multiple user equipments (UEs) 116.

The UTRAN may be connected internally or externally
using four interfaces: the Iu interface 110a-5, the Uu interface
101, the Iub interface 114a-d and the Iur interface 112. The
UTRAN may be attached to a Global System for Mobile
Communications (GSM) core network 102 via an external
interface referred to as the Iu interface 110. One or more radio
network controllers (RNCs) 106 may support the Iu interface
110. In addition, a radio network controller (RNC) 106 may
manage a set of base stations called Node Bs 104 through the
Tub interfaces 114. The Iur interface 112 may connect two
radio network controllers (RNCs) 106 with each other. The
UTRAN is largely autonomous from the core network 102
since the radio network controllers (RNCs) 106 are intercon-
nected by the lur interface 112. The Uu interface 101 also
connects the Node B 104 with a user equipment (UE) 116,
while the Tub interface 114 is an internal interface that con-
nects the radio network controller (RNC) 106 with the Node
B 104.

The radio access network (RAN) 118 may be further con-
nected to additional networks outside the radio access net-
work (RAN) 118, such as a corporate intranet, the Internet or
a conventional public switched telephone network (PSTN)
and may transport data packets between each user equipment
(UE) 116 and the outside networks.

FIG. 2 is a block diagram illustrating selected components
of'a wireless communication system 200. The wireless com-
munication system 200 may include radio network control-
lers (RNCs) 206a-d coupled to Node Bs 204a-c (also referred
to as base stations or wireless base transceiver stations) via
Tub interfaces 214a-c. The Node Bs 204 may communicate
with user equipments (UEs) 216a-¢ through corresponding
wireless connections. A user equipment (UE) 216 may also be
referred to as a remote station, a mobile station or a subscriber
station.

A communications channel may include a downlink for
transmissions from a Node B 204 to a user equipment (UE)
216, and an uplink for transmissions from a user equipment
(UE) 216 to a Node B 204. A radio network controller (RNC)
206 may provide control functionalities for one or more Node
Bs 204. Each radio network controller (RNC) 206 may be
coupled to a public switched telephone network (PSTN) 220
through a mobile switching center (MSC) 222a-b.

In one configuration, a radio network controller (RNC)206
may be coupled to a packet switched network (PSN) (not
shown) through a packet data server node (PDSN) (not
shown). Data interchange between various network elements,
such as a radio network controller (RNC) 206 and a packet
data server node, can be implemented using any number of
protocols, for example, the Internet Protocol (IP), an asyn-
chronous transfer mode (ATM) protocol, T1, E1, frame relay
and other protocols.

A radio network controller (RNC) 206 may fill multiple
roles. For example, the radio network controller (RNC) 206
may control the admission of new mobiles or services
attempting to use a Node B 204. The radio network controller
(RNC) 206 may also control a Node B 204. Controlling
admission ensures that user equipments (UEs) 216 are allo-
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cated radio resources (bandwidth and signal/noise ratio) up to
what the network has available. It is where the Iub interface
214 terminates. A radio network controller (RNC) 206 may
act as a serving radio network controller (RNC) 206 that
terminates the user equipment’s (UE’s) 216 link layer com-
munications. The serving radio network controller (RNC)
206 may also control the admission of new user equipments
(UEs) or services attempting to use the core network 102 over
the Iu interface 110.

In a multiple-input and multiple-output (MIMO) system,
there are N (# of transmitter antennas) by M (# of receiver
antennas) signal paths from the transmit and the receive
antennas, and the signals on these paths are not identical. A
multiple-input and multiple-output (MIMO) system creates
multiple data transmission pipes. The pipes are orthogonal in
the space-time domain. The number of pipes equals the rank
of the system. Since these pipes are orthogonal in the space-
time domain, they create little interference with each other.
The data pipes are realized with proper digital signal process-
ing by properly combining signals on the NxM paths. A
transmission pipe may not correspond to an antenna trans-
mission chain or any one particular transmission path.

Communication systems may use a single carrier fre-
quency or multiple carrier frequencies. Each communication
link between a user equipment (UE) 216 and a Node B 204a
may incorporate a different number of carrier frequencies. A
user equipment (UE) 216 may be any data device that com-
municates through a wireless channel. A user equipment (UE)
216 may be any of a number of types of devices including but
not limited to a PC card, a compact flash, an external or
internal modem, or a wireless phone. A user equipment (UE)
216 may be mobile or stationary.

A user equipment (UE) 216 that has established an active
traffic channel connection with one or more Node Bs 204 is
referred to as an active user equipment (UE) 216, and is said
to be in a traffic state. A user equipment (UE) 216 that is in the
process of establishing an active traffic channel connection
with one or more Node Bs 204 is said to be in a connection
setup state.

FIG. 3 is a block diagram illustrating a Node B 304 and a
radio network controller (RNC) 306 interfaced with a packet
network interface 324. Only one Node B 304 is shown for
simplicity. The Node B 304 and the radio network controller
(RNC) 306 may be part of a radio network subsystem (RNS)
308. The quantity of data to be transmitted by the Node B 304
to a user equipment (UE) 116 may be retrieved from a data
queue 334 in the Node B 304 and provided to the channel
element 332 for transmission to the user equipment (UE) 116
associated with the data queue 334 via a radio frequency (RF)
unit 336.

The radio network controller (RNC) 306 interfaces with a
Public Switched Telephone Network (PSTN) 320 through a
mobile switching center (MSC) 322. Also, the radio network
controller (RNC) 306 interfaces with a Node B 304. In addi-
tion, the radio network controller (RNC) 306 may interface
with a Packet Network Interface 324. The radio network
controller (RNC) 306 may coordinate the communication
between a user equipment (UE) 116 in the communication
system and other users connected to the packet network inter-
face 324 and the public switched telephone network (PSTN)
320. The public switched telephone network (PSTN) 320
may interface with users through a standard telephone net-
work (not shown).

The radio network controller (RNC) 306 may include
many selector elements 338. Each selector element 338 may
be assigned to control communication between one or more
Node Bs 304 and one user equipment (UE) 116. If a selector
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element 338 has not been assigned to a given user equipment
(UE) 116, a call control processor 340 may be informed of the
need to page the user equipment (UE) 116. The call control
processor 340 may then direct the Node B 304 to page the user
equipment (UE) 116.

The data source 326 may include a quantity of data that is
to be transmitted to a given user equipment (UE) 116. The
data source 326 may provide the data to a packet network
interface 324. The packet network interface 324 receives the
data and routes the data to the selector element 338. The
selector element 338 then transmits the data to a Node B 304
that is in communication with the target user equipment (UE)
116. Each Node B 304 may maintain a data queue 334 that
stores the data to be transmitted to the user equipment (UE)
116.

For each data packet, the channel element 332 may insert
the necessary control fields. In one configuration, the channel
element 332 may perform a cyclic redundancy check (CRC)
to encode the data packet and control fields and insert a set of
code tail bits. The data packet, control fields, CRC parity bits
and code tail bits form a formatted packet. In one configura-
tion, the channel element 332 may then encode the formatted
packet and interleave (or reorder) the symbols within the
encoded packet. The interleaved packet may be covered with
a Walsh code and spread with the short PNI and PNQ codes.
The spread data is provided to aradio frequency (RF) unit 336
that quadrature modulates, filters and amplifies the signal.
The downlink signal is transmitted over the air through an
antenna to the user equipment (UE) 116.

The Node B 304 may include a control unit 330 and
memory 328. The control unit 330 may control each of the
components of the Node B 304 according to software stored
in the memory 328.

FIG. 4 is a block diagram of a Node B 404 for use in the
present systems and methods. The Node B 404 of FIG. 4 may
be one configuration of the Node Bs 104 illustrated in FIG. 1.
In systems where multiple carriers have been deployed,
energy management techniques may be introduced at the
Node B 404 based on the measured traffic in the system.

Potential solutions enabling energy savings within a
UMTS Node B 404 may exist. These solutions may consider
the impacts on the time for legacy and new user equipments
(UEs) 116 to gain access to service from a Node B 404 and the
impacts on legacy and new user equipments (UEs) 116 (e.g.,
power consumption and mobility). Solutions that are back-
wards-compatible and non-backwards-compatible may both
be considered.

A Node B 404 may include two basic building blocks: a
baseband unit (BBU) 442 and a radio equipment (RE) 456.
The baseband unit (BBU) 442 may also be referred to as a
radio equipment control (REC). Both the baseband unit
(BBU) 442 and the radio equipment (RE) 456 may be co-
located in a conventional radio base station design. The base-
band unit (BBU) 442 may include the radio functions of the
digital baseband domain. The radio equipment (RE) 456 may
include the analog radio frequency functions.

A baseband unit (BBU) 442 may include subunits such as
channel cards 444, digital signal processors (DSPs) 446, field
programmable gate arrays (FPGAs) 448, application specific
integrated circuits (ASICs) 450, clocks 452 and backhaul
interface units 454. Portions of these subunits may be turned
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8
off to save power when they are not needed. For example, a
baseband unit (BBU) 442 may include three channel cards
444. Depending on the load, two of the channel cards 444 may
be shut off to save power. Similarly, a subset of the Els or T1s
in the backhaul interface units 454 may be shut off.

The radio equipment (RE) 456 may include a first down-
link power amplifier 458a coupled to a first antenna 460a. If
the Node B 404 is used for multiple-input and multiple-output
(MIMO) transmissions, the radio equipment (RE) 456 may
also include a second downlink power amplifier 45856 coupled
to a second antenna 4604. In one configuration, a radio equip-
ment (RE) 456 may include more than two downlink power
amplifiers 458. For example, a Node B 404 may be using
multiple carriers (non-MIMO) across multiple power ampli-
fiers 458. The Node B 404 may shut off one or more downlink
power amplifiers 458 to reduce the power consumption of the
Node B 404. If the Node B 404 shuts off a carrier, the Node B
404 may shut off the downlink power amplifiers 458 associ-
ated with the carrier.

Reduction in energy consumption may be accomplished by
determining the energy consumption breakdown in existing
Node Bs 404, establishing Node B 404 energy saving targets
and identifying solutions based on the existing Uu interface
101 that rely on Node B 404 implementation enhancements
as well as UTRAN operation. If the targets are still not met,
solutions may be identified that can help achieve the targets
by way of modifications to 3GPP specifications. Each solu-
tion may need to be characterized based on the impact to the
system.

The Node B 404 may include an energy management mod-
ule 462. The Node B 404 may use the energy management
module 462 to determine when to make adjustments that may
reduce the energy consumption of the Node B 404. The
energy management module 462 may include a carrier load
threshold 464. The carrier load threshold 464 may be a preset
threshold that defines the minimum carrier load when the
Node B 404 shuts off one or more carriers or one or more
subunits of the baseband unit (BBU) 442 to reduce the power
consumption of the Node B 404. The energy management
module 462 may also include a combined carrier load thresh-
01d 466. If the Node B 404 has shut off one or more carriers to
conserve energy, the combined carrier load threshold 466
may be a preset maximum load on the carriers that are turned
on before the Node B 404 turns a shut off carrier back on. The
carrier load threshold 464 is discussed in additional detail
below in relation to FIG. 6 and FIG. 7. The combined carrier
load threshold 466 is discussed in additional detail below in
relation to FIG. 6 and FIG. 7.

FIG. 5 is a block diagram of a Node B 504 with multiple
radio equipments (RE) 556a-b that are separated from the
radio equipment control (REC) 542. The radio equipment
control (REC) 542 may be a Baseband Unit (BBU) 442. Each
radio equipment (RE) 556 may be close to an antenna while
the radio equipment control (REC) 542 is located in a conve-
niently accessible site. For the UMTS radio access network
(RAN) 118, the radio equipment control (REC) 542 provides
access to a radio network controller (RNC) 106 via the Tub
interface 114, whereas the radio equipment (RE) 556 serves
as the air interface, called the Uu interface 101, to the user
equipment (UE) 116. Table 1 lists the functions performed
both on the uplink and the downlink by the radio equipment
control (REC) 542 and the radio equipment (RE) 556.



US 9,161,300 B2

9
TABLE 1

10

Functions of REC or BBU

Functions of RE

Downlink Uplink Downlink

Uplink

Radio base station control & management
Tub transport

Tub Frame protocols D/A conversion

RRC Channel Filtering
A/D conversion

Channel Coding Channel De-coding Up Conversion Down
Conversion
Interleaving De-Interleaving ON/OFF control of  Automatic Gain
each carrier Control
Spreading De-spreading Carrier Multiplexing Carrier De-
multiplexing
Scrambling De-scrambling Power amplification Low Noise
MIMO processing and limiting Amplification
Adding of physical Signal distribution to  Antenna supervision
channels signal processing
units
Transmit Power Transmit Power RF filtering RF filtering
Control of each Control & Feedback
physical channel Information detection
Frame and slot signal
generation (including
clock stabilization)
Reference Frequency Generation
Measurements Measurements
25

FIG. 6 is a flow diagram of a method 600 for reducing
power consumption of a Node B 404 by switching off mul-
tiple-input and multiple-output (MIMO) transmissions. The
method 600 may be performed by a Node B 404. In one
configuration, the method 600 may be performed by a radio
network controller (RNC) 106 via instructions sent to a Node
B 404. The Node B 404 may transmit 602 a first pilot channel
via a first antenna 460q using a first downlink power amplifier
458a and a second pilot channel via a second antenna 4605
using a second downlink power amplifier 4585. The pilot
channels may be used for multiple-input and multiple-output
(MIMO) transmissions to one or more user equipments (UEs)
116 that are in communication with the Node B 404.

The Node B 404 may determine 604 whether there are any
multiple-input and multiple-output (MIMO) users in the cell.
A multiple-input and multiple-output (MIMO) user may refer
to a user equipment (UE) 116 that is within the boundaries
covered by a Node B 404 that is capable/configured for mul-
tiple-input and multiple-output (MIMO) communications. If
there are multiple-input and multiple-output (MIMO) users in
the cell, the Node B 404 may continue transmitting 602 both
the first pilot channel via the first antenna 460a using the first
downlink power amplifier 4584 and the second pilot channel
via the second antenna 4605 using the second downlink
power amplifier 45854.

If'there are no multiple-input and multiple-output (MIMO)
users in the cell, the Node B 404 may shut off 606 the second
pilot channel and the second downlink power amplifier 4585.
This may lead to significant energy savings. The Node B 404
may thus reduce the power consumption of the Node B 404 by
eliminating the power used by the second power amplifier
458b to transmit the second pilot channel during times when
the second pilot channel is not needed. The Node B 404 may
transmit 608 only the first pilot channel via the first antenna
460a using the first downlink power amplifier 458a. The
Node B 404 may then again determine 604 whether there are
any multiple-input and multiple-output (MIMO) users in the
cell.

FIG. 7 is a flow diagram of a method 700 for reducing
power consumption of a Node B 404 by shutting off one or
more carriers. The method 700 may be performed by a Node
B 404. In one configuration, the method 700 may be per-
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formed by a radio network controller (RNC) 106 via instruc-
tions sent to a Node B 404. The Node B 404 may communi-
cate 704 with one or more user equipments (UEs) 116 using
n carriers.

The Node B 404 may determine 706 whether the load of
any of the n carriers is below a carrier load threshold 464. The
carrier load threshold 464 may be a preset threshold that
defines the minimum number of user equipments (UEs) 116
utilizing a carrier before the Node B 404 redirects the user
equipments (UEs) 116 to another carrier and shuts off the
carrier. A user equipment (UE) 116 may be either a single-
carrier user equipment (UE) 116 or a user equipment (UE)
116 that is capable of communicating with a Node B 404
using multiple carriers.

If'the load of none of the n carriers is below the carrier load
threshold 464, the Node B 404 may continue communicating
704 with the one or more user equipments (UEs) 116 using
the n carriers. If the load of any of the carriers is below the
carrier load threshold 464, the Node B 404 may redirect 708
one or more user equipments (UEs) 116 from the one or more
carriers with loads below the carrier load threshold 464 to the
one or more carriers with loads above the carrier load thresh-
0ld 464 (this may apply until only one carrier remains). In one
configuration, the Node B 404 may redirect 708 the one or
more user equipments (UEs) 116 from the one or more car-
riers with loads below the carrier load threshold 464 to one or
more carriers with loads that are currently below the carrier
load threshold 464 (but that will have loads above the carrier
load threshold 464 once the user equipments (UEs) 116 are
redirected to them). Redirecting 708 the one or more user
equipments (UEs) 116 from a carrier with a load below the
carrier load threshold 464 to one or more carriers with loads
above the carrier load threshold 464 may include instructing
the one or more user equipments (UEs) 116 to switch to a
different modulation and coding scheme and a different fre-
quency. In one configuration, the Node B 404 may redirect the
one or more user equipments (UEs) 116 to multiple carriers
(i.e.,not all the user equipments (UEs) 116 will go to the same
carrier). In another configuration, the Node B 404 may reduce
the amount of carriers that a user equipment (UE) 116 is
configured for (i.e., if there is a small number of user equip-
ments (UEs) 116 that can communicate using three different
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carriers and not enough data demand (from the mix of user
equipment (UE) 116 types and quantity), the Node B 404 may
reconfigure those multi-carrier user equipments (UEs) 116 to
use only one or two carriers and shut off the extra carrier(s)).

The Node B 404 may then turn off 710 the one or more
carriers with loads below the carrier load threshold and the
physical equipment corresponding to the one or more carri-
ers. By turning off one or more carriers during periods where
the load is minimal, all or parts of the baseband unit (BBU)
442 and radio equipment (RE) 456 may be turned off, leading
to a potentially large reduction in energy consumption at the
Node B 404. The Node B 404 may communicate 712 with the
one or more user equipments (UEs) 116 using the one or more
carriers with loads above the carrier load threshold 464.

The Node B 404 may determine 713 whether the load of
any of the one or more carriers is below the carrier load
threshold 464. If the load of any of the one or more carriers is
below the carrier load threshold 464, the Node B 404 may
redirect 708 the one or more user equipments (UEs) 116 from
the one or more carriers with loads below the carrier load
threshold 464 to the one or more carriers with loads above the
carrier load threshold 464. If the load of none of the n carriers
is below the carrier load threshold 464, the Node B 404 may
determine 714 whether the total load of the one or more
carriers with loads above the carrier load threshold 464 is
above a combined carrier threshold 466. The combined car-
rier threshold 466 may be a threshold used by the Node B 404
to determine when to resume communications using a previ-
ous-switched-off carrier after the previously-switched-off
carrier has been turned off to reduce energy consumption.

If'the total load of the one or more carriers is not above the
combined carrier threshold 466, the Node B 404 may con-
tinue communicating 712 with the one or more user equip-
ments (UEs) 116 using the one or more carriers with loads
above the carrier load threshold 464. If the total load of the
one or more carriers is above the combined carrier threshold
466, the Node B 404 may turn on 716 a previously-switched-
off carrier and the physical equipment corresponding to the
previously-switched-off carrier. The Node B 404 may next
redirect 718 one or more user equipments (UEs) 116 from the
one or more carriers with loads above the carrier load thresh-
old 464 to the previously-switched-off carrier. The Node B
404 may then communicate 712 with the one or more user
equipments (UEs) 116 using the one or more carriers with
loads above the carrier load threshold 464.

FIG. 8 is a flow diagram of a method 800 for disabling
baseband unit (BBU) 442 subunits to reduce energy con-
sumption on a Node B 404. The method 800 may be per-
formed by a Node B 404. In one configuration, the method
800 may be performed by a radio network controller (RNC)
106 via commands to the Node B 404. The Node B 404 may
communicate 802 with one or more user equipments (UEs)
116 using one or more carriers and all baseband unit (BBU)
442 subunits for each of the one or more carriers. The Node B
404 may determine 804 whether the load of any of the one or
more carriers is below a carrier load threshold 464. If the load
of any of the one or more carriers is not below a carrier load
threshold 464, the Node B 404 may continue communicating
802 with the one or more user equipments (UEs) 116 using
the one or more carriers and all the baseband unit (BBU) 442
subunits for each of the one or more carriers.

If the load of any of the one or more carriers is below a
carrier load threshold 464, the Node B 404 may determine
806 one or more baseband unit (BBU) 442 subunits to disable
on the one or more carriers. For example, the Node B 404 may
determine to disable channel cards 444, digital signal proces-
sors (DSPs) 446, field programmable gate arrays (FPGAs)
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448, application-specific integrated circuits (ASICs) 450 or
clocks 452 as a function of the load. The Node B 404 may also
determine to disable backhaul interface units 454. In one
configuration, the Node B 404 may determine 806 to disable
the same baseband unit (BBU) 442 subunit for each of the one
or more carriers. In another configuration, the Node B 404
may determine 806 different baseband unit (BBU) 442 sub-
units to disable for each carrier of the one or more carriers.
The Node B 404 may then disable 808 the determined one or
more baseband unit (BBU) 442 subunits. The Node B 404
may next communicate 810 with the one or more user equip-
ments (UEs) 116 using the one or more carriers and only the
baseband unit (BBU) 442 subunits that have not been dis-
abled. In one configuration, the Node B 404 may use multiple
carrier load thresholds 464 to iteratively shut off baseband
unit (BBU) 442 subunits.

The Node B 404 may determine 812 whether the load of
any of the one or more carriers with all baseband unit (BBU)
442 subunits enabled is below the carrier load threshold 464.
If'the load of any of the one or more carriers with all baseband
unit (BBU) 442 subunits enabled is below the carrier load
threshold 464, the Node B 404 may determine 806 one or
more baseband unit (BBU) 442 subunits to disable on the one
or more carriers. If none of the one or more carriers with all
baseband unit (BBU) 442 subunits enabled has a load below
the carrier load threshold 464, the Node B 404 may determine
813 whether the total load of the one or more carriers is above
a combined carrier load threshold 466. If the total load of the
one or more carriers is not above the combined carrier load
threshold 466, the Node B 404 may continue communicating
810 with the one or more user equipments (UEs) 116 using
the one or more carriers and only the baseband unit (BBU)
442 subunits that have not been disabled. If the total load of
the one or more carriers is above the combined carrier load
threshold 466, the Node B 404 may re-enable 814 some or all
of'the disabled baseband unit (BBU) 442 subunits. The Node
B 404 may then return to communicating 810 with the one or
more user equipments (UEs) 116 using the one or more car-
riers and only the baseband unit (BBU) 442 subunits that have
not been disabled.

FIG. 9 is a block diagram of a transmitter structure and/or
process implemented in a Node B 404. The functions and
components shown in FIG. 9 may be implemented by soft-
ware, hardware or a combination of software and hardware.
Other functions may be added to FIG. 9 in addition to or
instead of the functions shown in FIG. 9.

A data source 968 may provide data d(t) 970 to a frame
quality indicator (FQI)/encoder 972. The frame quality indi-
cator (FQI)/encoder 972 may append a frame quality indica-
tor (FQI) such as cyclic redundancy check (CRC) to the data
d(t) 970. The frame quality indicator (FQI)/encoder 972 may
further encode the data d(t) 970 using one or more coding
schemes to provide encoded symbols 974. Each coding
scheme may include one or more types of coding, e.g., con-
volutional coding, Turbo coding, block coding, repetition
coding, other types of coding or no coding at all. Other coding
schemes may include automatic repeat request (ARQ),
hybrid ARQ (H-ARQ) and incremental redundancy repeat
techniques. Different types of data may be encoded with
different coding schemes.

An interleaver 976 may interleave the encoded data sym-
bols 974 in time to combat fading. The interleaver 976 may
output interleaved symbols 978. The interleaved symbols 978
may be mapped by a frame formatter 980 to a pre-defined
frame format to produce a frame 982. In one configuration, a
frame format may specify the frame as being composed of a
plurality of sub-segments. In another configuration, sub-seg-
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ments may be any successive portions of a frame 982 along a
given dimension, e.g., time, frequency, code or any other
dimension. A frame 982 may be composed of a fixed plurality
of'such sub-segments, each sub-segment containing a portion
of the total number of symbols allocated to the frame. For
example, in a wireless communication system that is config-
ured according to the W-CDMA standard, a sub-segment may
be defined as a slot. The interleaved symbols 978 may be
segmented into a plurality S of sub-segments making up a
frame 982.

A frame formatter 980 may further specify the inclusion of
control symbols (not shown) along with the interleaved sym-
bols 978. Such control symbols may include power control
symbols, frame format information symbols, etc.

A modulator 984 may modulate the frame 982 to generate
modulated data 986. Examples of modulation techniques
include binary phase shift keying (BPSK) and quadrature
phase shift keying (QPSK). The modulator 984 may also
repeat a sequence of modulated data 986.

A baseband-to-radio-frequency (RF) conversion block 988
may convert the modulated data 986 to a radio frequency (RF)
signal 990 for transmission via an antenna 960 over a wireless
communication link to one or more user equipments (UEs)
116.

FIG. 10 illustrates certain components that may be
included within a Node B 1004. A Node B 1004 may also be
referred to as, and may include some or all of the functionality
of, an access point, a broadcast transmitter, a base station, an
evolved NodeB, etc. The Node B 1004 includes a processor
1003. The processor 1003 may be a general purpose single- or
multi-chip microprocessor (e.g., an ARM), a special purpose
microprocessor (e.g., a digital signal processor (DSP)), a
microcontroller, a programmable gate array, etc. The proces-
sor 1003 may be referred to as a central processing unit
(CPU). Although just a single processor 1003 is shown in the
Node B 1004 of FIG. 10, in an alternative configuration, a
combination of processors (e.g., an ARM and DSP) could be
used.

The Node B 1004 also includes memory 1005. The
memory 1005 may be any electronic component capable of
storing electronic information. The memory 1005 may be
embodied as random access memory (RAM), read only
memory (ROM), magnetic disk storage media, optical stor-
age media, flash memory devices in RAM, on-board memory
included with the processor, EPROM memory, EEPROM
memory, registers, and so forth, including combinations
thereof.

Data 10074 and instructions 10094 may be stored in the
memory 1005. The instructions 1009a may be executable by
the processor 1003 to implement the methods disclosed
herein. Executing the instructions 10094 may involve the use
of'the data 10074 that is stored in the memory 1005. When the
processor 1003 executes the instructions 10094, various por-
tions of the instructions 10095 may be loaded onto the pro-
cessor 1003, and various pieces of data 10075 may be loaded
onto the processor 1003.

The Node B 1004 may also include a transmitter 1011 and
areceiver 1013 to allow transmission and reception of signals
to and from the Node B 1004. The transmitter 1011 and
receiver 1013 may be collectively referred to as a transceiver
1015. Multiple antennas 1017a-b may be electrically coupled
to the transceiver 1015. The Node B 1004 may also include
(not shown) multiple transmitters, multiple receivers, mul-
tiple transceivers and/or additional antennas.

The Node B 1004 may include a digital signal processor
(DSP) 1021. The Node B 1004 may also include a commu-
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nications interface 1023. The communications interface 1023
may allow a user to interact with the Node B 1004.

The various components of the Node B 1004 may be
coupled together by one or more buses, which may include a
power bus, a control signal bus, a status signal bus, a data bus,
etc. For simplicity, the various buses are illustrated in FIG. 10
as a bus system 1019.

FIG. 11 illustrates certain components that may be
included within a radio network controller (RNC) 1175. A
radio network controller (RNC) 1175 is a governing element
in the UMTS radio access network (UTRAN) that is respon-
sible for controlling the Node Bs 1004 that are connected to it.
The radio network controller (RNC) 1175 may be connected
to a circuit switched core network through a media gateway.
The radio network controller (RNC) 1175 includes a proces-
sor 1103. The processor 1103 may be a general purpose
single- or multi-chip microprocessor (e.g., an ARM), a spe-
cial purpose microprocessor (e.g., a digital signal processor
(DSP)), a microcontroller, a programmable gate array, etc.
The processor 1103 may be referred to as a central processing
unit (CPU). Although just a single processor 1103 is shown in
the radio network controller (RNC) 1175 of FIG. 11, in an
alternative configuration, a combination of processors (e.g.,
an ARM and DSP) could be used.

The radio network controller (RNC) 1175 also includes
memory 1105. The memory 1105 may be any electronic
component capable of storing electronic information. The
memory 1105 may be embodied as random access memory
(RAM), read only memory (ROM), magnetic disk storage
media, optical storage media, flash memory devices in RAM,
on-board memory included with the processor, EPROM
memory, EEPROM memory, registers, and so forth, includ-
ing combinations thereof.

Data 11074 and instructions 11094 may be stored in the
memory 1105. The instructions 11094 may be executable by
the processor 1103 to implement the methods disclosed
herein. Executing the instructions 11094 may involve the use
of'the data 11074 that is stored in the memory 1105. When the
processor 1103 executes the instructions 11094, various por-
tions of the instructions 11095 may be loaded onto the pro-
cessor 1103, and various pieces of data 11075 may be loaded
onto the processor 1103.

The radio network controller (RNC) 1175 may include a
digital signal processor (DSP) 1121. The various components
of' the radio network controller (RNC) 1175 may be coupled
together by one or more buses, which may include a power
bus, a control signal bus, a status signal bus, a data bus, etc.
For the sake of simplicity, the various buses are illustrated in
FIG. 11 as a bus system 1119.

The techniques described herein may be used for various
communication systems, including communication systems
that are based on an orthogonal multiplexing scheme.
Examples of such communication systems include Orthogo-
nal Frequency Division Multiple Access (OFDMA) systems,
Single-Carrier Frequency Division Multiple Access (SC-
FDMA) systems, and so forth. An OFDMA system utilizes
orthogonal frequency division multiplexing (OFDM), which
is a modulation technique that partitions the overall system
bandwidth into multiple orthogonal sub-carriers. These sub-
carriers may also be called tones, bins, etc. With OFDM, each
sub-carrier may be independently modulated with data. An
SC-FDMA system may utilize interleaved FDMA (IFDMA)
to transmit on sub-carriers that are distributed across the
system bandwidth, localized FDMA (LFDMA) to transmit
on a block of adjacent sub-carriers, or enhanced FDMA
(EFDMA) to transmit on multiple blocks of adjacent sub-
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carriers. In general, modulation symbols are sent in the fre-
quency domain with OFDM and in the time domain with
SC-FDMA.

The term “determining” encompasses a wide variety of
actions and, therefore, “determining” can include calculating,
computing, processing, deriving, investigating, looking up
(e.g., looking up in a table, a database or another data struc-
ture), ascertaining and the like. Also, “determining” can
include receiving (e.g., receiving information), accessing
(e.g., accessing data in a memory) and the like. Also, “deter-
mining” can include resolving, selecting, choosing, establish-
ing and the like.

The phrase “based on” does not mean “based only on,”
unless expressly specified otherwise. In other words, the
phrase “based on” describes both “based only on” and “based
at least on.”

The term “processor” should be interpreted broadly to
encompass a general purpose processor, a central processing
unit (CPU), a microprocessor, a digital signal processor
(DSP), a controller, a microcontroller, a state machine, and so
forth. Under some circumstances, a “processor” may refer to
an application specific integrated circuit (ASIC), a program-
mable logic device (PLD), a field programmable gate array
(FPGA), etc. The term “processor” may refer to a combina-
tion of processing devices, e.g., a combination of a DSP and
amicroprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other
such configuration.

The term “memory” should be interpreted broadly to
encompass any electronic component capable of storing elec-
tronic information. The term memory may refer to various
types of processor-readable media such as random access
memory (RAM), read-only memory (ROM), non-volatile
random access memory (NVRAM), programmable read-only
memory (PROM), erasable programmable read-only
memory (EPROM)), electrically erasable PROM (EEPROM),
flash memory, magnetic or optical data storage, registers, etc.
Memory is said to be in electronic communication with a
processor if the processor can read information from and/or
write information to the memory. Memory that is integral to a
processor is in electronic communication with the processor.

The terms “instructions” and “code” should be interpreted
broadly to include any type of computer-readable
statement(s). For example, the terms “instructions” and
“code” may refer to one or more programs, routines, sub-
routines, functions, procedures, etc. “Instructions” and
“code” may comprise a single computer-readable statement
or many computer-readable statements.

The functions described herein may be implemented in
software or firmware being executed by hardware. The func-
tions may be stored as one or more instructions on a com-
puter-readable medium. The terms “computer-readable
medium” or “computer-program product” refers to any tan-
gible storage medium that can be accessed by a computer or
a processor. By way of example, and not limitation, a com-
puter-readable medium may comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
medium that can be used to carry or store desired program
code in the form of instructions or data structures and that can
be accessed by a computer. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray® disc where
disks usually reproduce data magnetically, while discs repro-
duce data optically with lasers.

The methods disclosed herein comprise one or more steps
or actions for achieving the described method. The method
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steps and/or actions may be interchanged with one another
without departing from the scope of the claims. In other
words, unless a specific order of steps or actions is required
for proper operation of the method that is being described, the
order and/or use of specific steps and/or actions may be modi-
fied without departing from the scope of the claims.
Further, it should be appreciated that modules and/or other
appropriate means for performing the methods and tech-
niques described herein, such as those illustrated by FIGS. 6,
7 and 8, can be downloaded and/or otherwise obtained by a
device. For example, a device may be coupled to a server to
facilitate the transfer of means for performing the methods
described herein. Alternatively, various methods described
herein can be provided via a storage means (e.g., random
access memory (RAM), read-only memory (ROM), a physi-
cal storage medium such as a compact disc (CD) or floppy
disk, etc.), such that a device may obtain the various methods
upon coupling or providing the storage means to the device.
It is to be understood that the claims are not limited to the
precise configuration and components illustrated above. Vari-
ous modifications, changes and variations may be made in the
arrangement, operation and details of the systems, methods,
and apparatus described herein without departing from the
scope of the claims.
What is claimed is:
1. A method for reducing energy consumption of a base
station, comprising:
receiving, at the base station, instructions from a radio
network controller (RNC) to reduce energy consump-
tion, wherein based on the instructions, the base station
performs:
transmitting a first pilot channel via a first antenna using
a first downlink power amplifier;

transmitting a second pilot channel via a second antenna
using a second downlink power amplifier;

determining that no multiple-input and multiple-output
users are in a cell corresponding to the base station;
and

shutting off the second pilot channel and the second
downlink power amplifier; and

transmitting only the first pilot channel via the first
antenna using the first downlink power amplifier in
response to shutting off the second pilot channel and
the second downlink power amplifier.
2. The method of claim 1, wherein the base station is a
Node B.
3. The method of claim 1, wherein the method is performed
by a radio network controller via instructions sent to the base
station.
4. The method of claim 1, wherein the first pilot channel
and the second pilot channel are used for multiple-input and
multiple-output transmissions to a user equipment.
5. A wireless device configured for reducing energy con-
sumption, comprising:
a processor configured to receive instructions from a radio
network controller (RNC) to reduce energy consump-
tion at the wireless device, wherein based on the instruc-
tions, the processor is configured to:
transmit a first pilot channel via a first antenna using a
first downlink power amplifier;

transmit a second pilot channel via a second antenna
using a second downlink power amplifier;

determine that no multiple-input and multiple-output
users are in a cell corresponding to the wireless
device; and

shut off the second pilot channel and the second down-
link power amplifier; and
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transmit only the first pilot channel via the first antenna
using the first downlink power amplifier in response
to shutting off the second pilot channel and the second
downlink power amplifier; and
a memory in electronic communication with processor.
6. The wireless device of claim 5, wherein the wireless
device is a Node B.
7. The wireless device of claim 5, wherein the wireless
device receives instructions from a radio network controller.
8. The wireless device of claim 5, wherein the first pilot
channel and the second pilot channel are used for multiple-
input and multiple-output transmissions to a user equipment.
9. A wireless device configured for reducing energy con-
sumption, comprising:
means for receiving instructions from a radio network con-
troller (RNC) to reduce energy consumption at the wire-
less device;
means for transmitting, based on the instructions, a first
pilot channel via a first antenna using a first downlink
power amplifier;
means for transmitting, based on the instructions, a second
pilot channel via a second antenna using a second down-
link power amplifier;
means for determining, based on the instructions, that no
multiple-input and multiple-output users are in a cell
corresponding to the wireless device; and
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means for shutting off, based on the instructions, the sec-
ond pilot channel, and the second downlink power
amplifier; and

means for transmitting, based on the instructions, only the

first pilot channel via the first antenna using the first
downlink power amplifier in response to shutting oft the
second pilot channel and the second downlink power
amplifier.

10. A non-transitory computer-readable medium having
instructions for reducing energy consumption of a base sta-
tion, the instructions comprising:

code for causing a base station to transmit a first pilot

channel via a first antenna using a first downlink power
amplifier;

code for causing the base station to transmit a second pilot

channel via a second antenna using a second downlink
power amplifier;

code for causing the base station to determine that no

multiple-input and multiple-output users are in a cell
corresponding to the base station; and
code for causing the base station to shut off the second pilot
channel and the second downlink power amplifier; and

code for transmitting only the first pilot channel via the first
antenna using the first downlink power amplifier in
response to shutting off the second pilot channel and the
second downlink power amplifier.

#* #* #* #* #*



